


– This study’s application of the 

𝑓𝑙(𝐱, 𝑡) = { 𝑓𝑙 = 0,0 < 𝑓𝑙 < 1,𝑓𝑙 = 1, 𝑔𝑎𝑠 𝑝ℎ𝑎𝑠𝑒 𝑐𝑒𝑙𝑙𝑠𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑖𝑎𝑙  𝑐𝑒𝑙𝑙𝑠𝑙𝑖𝑞𝑢𝑖𝑑 𝑝ℎ𝑎𝑠𝑒 𝑐𝑒𝑙𝑙𝑠 (1) 𝑓𝑙 𝑓𝑔𝑓𝑙 𝑓𝑔𝜕𝑓𝑙𝜕𝑡 + ∇ ⋅ (𝑓𝑙𝐮) = 𝑆𝑒𝑣𝑎𝑝𝜌𝑙𝜕𝑓𝑔𝜕𝑡 + ∇ ⋅ (𝑓𝑔𝐮) = − 𝑆𝑒𝑣𝑎𝑝𝜌𝑔 . (2)𝑆𝑒𝑣𝑎𝑝
𝑆𝑒𝑣𝑎𝑝 = 𝑚𝑒𝑣𝑎𝑝′′ × 𝛼 (3)𝛼 𝑚𝑒𝑣𝑎𝑝′′ , is obtained through Fick’s law and the Stefan 

𝑚𝑒𝑣𝑎𝑝′′ = 𝜌𝑔𝐷𝑔(𝜕𝑌𝐴𝑙/𝜕𝐱)𝑠𝑢𝑟𝑓1−𝑌𝐴𝑙,𝑠𝑎𝑡 . (4)𝑌𝐴𝑙 𝑌𝐴𝑙,𝑠𝑎𝑡𝐷𝑔 𝐷𝑔 = 1−𝑋𝐴𝑙,𝑔∑ (𝑋𝑖/𝐷𝑖,𝑔)𝑖,𝑗≠𝐴𝑙 (5)𝑋𝑗 𝑖th(𝜕𝑌𝐴𝑙/𝜕𝐱)𝑠𝑢𝑟𝑓 (𝜕𝑌𝐴𝑙𝜕𝐱 )𝑠𝑢𝑟𝑓 = (∇𝑌)𝑠𝑢𝑟𝑓 ⋅ 𝑛⃗ (6)𝑛⃗ 𝑛⃗ = − ∇𝑓𝑙│∇𝑓𝑙│ . (7)𝑌𝐴𝑙 𝑌𝐴𝑙
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𝑌𝐴𝑙 = 𝑋𝐴𝑙𝑀𝑊𝐴𝑙𝑋𝐴𝑙𝑀𝑊𝐴𝑙+𝑋𝑂𝑋𝑀𝑊𝑂𝑋𝑋𝐴𝑙 = exp(𝐿𝑅 ( 1𝑇𝐴𝑙 − 1𝑇𝑂)) (8)𝑀𝑊 𝐿 𝑂𝑋𝜌𝑚 (𝜕𝑌𝑖)𝜕𝑡 + 𝜌𝑚𝐮 ⋅ ∇𝑌𝑖 = ∇ ⋅ (𝜌𝑚𝐷∇𝑌𝑖) (9)𝜕(𝜌𝑚𝐮)𝜕𝑡 + ∇ ⋅ (𝜌𝑚𝐮⨂𝐮) = −∇p + ∇ ⋅ [𝜇𝑚(∇𝐮 + (∇𝐮)T] + 𝜌𝑚𝐠 + 𝐟𝜎 . (10)
𝜌𝑚 = 𝜌𝑙𝑓𝑙 + 𝜌𝑔(1 − 𝑓𝑙)𝜇𝑚 = 𝜇𝑙𝑓𝑙 + 𝜇𝑔(1 − 𝑓𝑙). (11)

𝜕(𝜌𝑚𝐶𝑝,𝑚𝑇𝑚)𝜕𝑡 + ∇ ⋅ (𝜌𝑚𝐶𝑝,𝑚𝐮𝑇𝑚) = ∇ ⋅ (𝜆∇𝑇𝑚) − 𝐿 × 𝑆𝑒𝑣𝑎𝑝 (12)𝐿 × 𝑆𝑒𝑣𝑎𝑝 𝐿𝐶𝑝,𝑚 = 𝑓𝑙𝜌𝑙𝐶𝑝,𝑙+𝑓𝑔𝜌𝑔𝐶𝑝,𝑔𝑓𝑙𝜌𝑙+𝑓𝑔𝜌𝑔𝑇𝑚 = 𝑓𝑙𝜌𝑙𝑇𝑙+𝑓𝑔𝜌𝑔𝑇𝑔𝑓𝑙𝜌𝑙+𝑓𝑔𝜌𝑔 . (13)

𝑑𝑝 = √∑𝑉𝑐𝑒𝑙𝑙 × 34 × 6𝜋3 (14)
 mm  mm K
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𝑘 𝜔

𝐴𝑙(𝑔) + 𝑂2 → 𝐴𝑙𝑂 + 𝑂𝐴𝑙𝑂 + 𝑂2 → 𝐴𝑙𝑂2 + 𝑂𝐴𝑙𝑂 + 𝐶𝑂2 → 𝐴𝑙𝑂 + 𝐶𝑂𝐴𝑙 + 𝐻2𝑂 → 𝐴𝑙𝑂 + 𝐻2𝑂 + 𝑂 + 𝑀 = 𝑂2 + 𝑀𝑂 + 𝑁2 → 𝑁𝑂 + 𝑁
Newton’s law of motion was employed to describe the forces acting on the 

𝐷2
𝑚̇𝑝 = −𝑔∗𝐴𝑠 ln(1 + 𝐵) (15)𝑔∗ 𝐴𝑠 𝐵𝐵 = 𝐶𝑝(𝑇−𝑇𝑝)𝐿 (16)

𝑔∗ = 𝑘Nu𝑝𝐶𝑝𝐷𝑝 (17)
Nu𝑝 = 2(1 + 0.3Re𝑝1/2Pr1/3). (18)𝑝
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K
K

the contour of temperature and pressure showed the decreasing behavior from the nozzle’s throat. However, an 

fluid’s properties 

It’s important to 

from the nozzle’s throat deviate from previous studies, the SRM 

—

—
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μm ms
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the Lagrangian approach, the VOF method successfully captures the droplet’s shape change and the temperature 

K
have employed Fick’s law as the

– . However, our findings suggest that the mere application of Fick’s law does not ensure the mass 
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K μmms
source terms were derived from Fick’s law
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